Low-cost, translatable interventions to promote adherence in adolescents with type 1 diabetes are needed. This study evaluated a brief physician-delivered intervention designed to increase parent-adolescent communication about blood glucose monitoring. Thirty adolescent-parent dyads completed baseline questionnaires and received the physician-delivered intervention. Participants completed follow-up questionnaires at 12 weeks; HbA1c and glucometer data were abstracted from medical charts. Parent-reported conflict surrounding diabetes management decreased from pre-to postintervention. Participants who reported adhering to the intervention plan (n = 15) demonstrated an increase in blood glucose monitoring frequency and trends in improved HbA1c and parental diabetes collaboration from pre-to postintervention. Participants and physicians reported overall satisfaction with the program. Results demonstrate initial feasibility as well as a trend toward improvement in diabetes-specific health indicators for parent-adolescent dyads who adhered to program components. Frequent joint review of glucometer data can be a useful strategy to improve type 1 diabetes-related health outcomes and parent-adolescent communication.
Type 1 diabetes (T1D) is one of the most common childhood chronic illnesses, affecting 1 in 400 youth under 20 years of age. 1 For youth with T1D, early adolescence is a critical developmental period where the main responsibility for T1D care transitions from the parent(s) to shared responsibility between parent(s) and child. 2 Adolescents are at risk for poorer glycemic control and greater fluctuation in regimen adherence, with many experiencing a deterioration of T1D management during this time. 3 More frequent blood glucose (BG) monitoring is an important component of T1D care associated with better glycemic control; 4 however, a high proportion of adolescents with diabetes exhibit a decrease in BG monitoring and related increase in hemoglobin A1c (HbA1c) across adolescence. 5 Healthy parent-child communication and consistent parental monitoring of T1D care has a direct effect on adolescent regimen adherence and results in better glycemic outcomes. 6, 7 However, it is important that parental involvement is balanced to respect an adolescent's growing autonomy while also providing continued support and oversight. Parental overinvolvement or underinvolvement can lead to family conflict, which can have unwanted, adverse effects on T1D management. 8 Much of this family conflict tends to revolve around BG monitoring, with adolescents potentially viewing parental involvement as controlling, overprotective, or punitive. 9 Adolescents who fail to achieve BG values within their target range can feel disappointed, guilty, or angry, and have even cited a desire to avoid a negative reaction from parents as a reason for not checking BG levels. 10, 11 581833C PJXXX10.1177/0009922815581833Clinical PediatricsMonaghan et al A positive relationship between physicians and adolescent patients is associated with greater feelings of mastery for T1D care and positive health outcomes. 12 Physicians are a trusted member of a patient's health care team and patients generally value their expert advice. As a resource that is external to the family system, physicians are in a unique position of authority to improve disease management and mediate potential conflict between parents and adolescents. 13 Given the potential benefits of the physician-patient relationship, physician-delivered interventions may be a successful option to improve T1D health behaviors, including BG monitoring and parent-adolescent communication, in adolescents with T1D. Furthermore, a low-intensity physician-delivered intervention can support the integration of behavioral strategies into routine diabetes care. Accessible technologies such as mobile text messaging and e-mail also offer opportunities to reinforce intervention concepts using technology already wellintegrated into adolescents' and parents' daily lives. 14 The Checking In program was created to provide physicians with brief, low-cost intervention tools to promote positive parent-adolescent communication about BG monitoring. Physicians delivered the pilot intervention materials during a routine medical clinic visit and intervention content was reinforced through 12 weeks of brief text messages (or e-mails) delivered to parents and adolescents. This study evaluated the Checking In program pilot, including changes pre-to postintervention in (a) T1D health indicators (HbA1c, BG monitoring frequency, mean BG level, and adolescent-and parentreported adherence), (b) parental monitoring of and involvement in T1D care, and (c) diabetes-specific family conflict. It was hypothesized that participation in the Checking In intervention pilot would result in improved T1D health, including lower HbA1c, more frequent BG monitoring, lower mean BG level, and increased parentand adolescent-reported adherence; increased parental monitoring of and involvement in diabetes care; and decreased family conflict related to diabetes. It was also hypothesized that parents, adolescents, and physicians would be satisfied with their participation in the Checking In program.
Methods

Participants
Study participants included 30 adolescents ages 11 to 15 and a primary caregiver recruited from a large Mid-Atlantic pediatric hospital. Participants were excluded if they had been diagnosed with T1D for less than 1 year, had a diagnosis of a developmental disability (eg, autism) or severe medical condition that would limit their participation, and/or if they did not adequately understand, speak, and read English. Potential participants also were excluded from the study by lack of parental consent.
Procedure
Institutional review board approval was obtained from the study site. Potentially eligible participants were identified by reviewing clinic lists and were mailed recruitment letters along with a postcard that could be returned if the family did not wish to be contacted. Research team members contacted potential participants to assess interest and eligibility. Participants who expressed interest in the project met with a research team member during a regularly scheduled clinic appointment to complete consent and study procedures. Enrolled participants completed baseline questionnaires; received the Checking In intervention, which included physician-delivered content during a medical clinic visit and 12 weeks of text message or e-mail boosters (optional); and completed follow-up questionnaires online via REDCap, a secure data capture system, 15 12 weeks postintervention. HbA1c values and BG data were taken from medical chart review from the clinic visits closest to baseline and follow-up questionnaire completion.
As this was a pilot study, all participants were provided with the Checking In intervention. The majority of the Checking In intervention was conducted during the adolescent's routine medical clinic visit for T1D management. The intervention was developed by the psychosocial members of the diabetes team; intervention targets and content were guided by health care provideridentified barriers to optimal diabetes management. Two physicians agreed to deliver the pilot intervention and participated in a 60-minute training to review intervention content and strategies for delivery. In addition to topics ordinarily covered during a routine diabetes care visit, the physician provided the family with psychoeducational materials and delivered a scripted intervention highlighting: the importance of continued parental monitoring of diabetes care during adolescence; how to operate standard glucometers; and specific steps for parents and adolescents to jointly hold a "3 minute meeting" (3MM) at least 3 times per week to review BG data and briefly problem solve any concerns related to BG levels. Parents and adolescents were given a 1-page handout that described the purpose of 3MMs, how to hold a 3MM, and the goal of holding 3MMs 3 times/ week. To assess for fidelity to the treatment script, a random subset of visits (n = 7) were audiotaped to ensure consistency of intervention delivery. Participants were able to request that any session not be taped without affecting participation in the project. Study staff sent weekly text message or e-mail reminders for 12 weeks postintervention to provide brief reminders about intervention content, including consistent scheduling of 3MMs. These texts were sent to the parents and/or adolescents who had cell phones and were interested in receiving them; parents and/or teens could choose to receive the booster messages via e-mail instead of text message if preferred. All texts were one-way and sent via a free text messaging program available online (Pinger).
Sixty-two families were mailed recruitment letters describing study procedures; 16 were unable to be contacted (26%), 2 adolescents were ineligible due to a diagnosis of a developmental delay (3%), and 9 declined to participate (15%). Of the 35 adolescents who expressed interest in participating (80% of those reached and eligible), 30 adolescent-parent dyads completed consent procedures and were enrolled in the intervention (86%). Baseline data were available for all 30 participants. Follow-up medical data (HbA1c, mean daily BG monitoring frequency, mean daily BG level) were available for 28 participants, and follow-up questionnaire data were available for 19 participants (parent-adolescent dyad). See Figure 1 . Families received a gift card for completion of baseline ($10) and follow-up ($10) assessments.
Measures
Demographic Data. Demographic variables, including age, gender, race/ethnicity, and family income level, were assessed using a demographic questionnaire designed for study purposes.
Glycemic Control. Medical variables such as insulin regimen, HbA1c, daily BG monitoring frequency, and mean BG level were collected via medical chart review. Glycosylated hemoglobin A1c is the most widely accepted measure of average glucose level over the preceding 2 to 3 months; quarterly assessments are recommended by the American Diabetes Association and routinely collected at each clinic visit. 16 All assays are conducted with a DCA 2000+ analyzer-a point-of-care diabetes management platform that performs a HbA1c test in minutes. 17 Glucometers were downloaded as part of routine clinical care, and BG data were extracted from the clinic visits closest to baseline and follow-up to calculate the mean number of BG checks/day and the mean daily BG level from the 30 days prior to baseline and follow-up data collection.
Diabetes Management Behaviors. Parents and adolescents completed the Self-Care Inventory (SCI), a measure that assesses how well youth have followed prescribed recommendations for 14 specific diabetes self-care behaviors over the past 2 weeks; higher scores indicate greater adherence to the diabetes care regimen. 18 Good evidence of internal consistency for the adolescent report has been reported (α = .79). 19 Internal consistency estimates in the current sample for the adolescent report (α = .73) and parent report (α = .80) were adequate. 6 It has been used extensively with parents of adolescents with T1D and has strong psychometric properties. 6, 20 Internal consistency for this sample was adequate (α = .76).
Collaborative Parent Involvement. Adolescents completed the Collaborative Parent Involvement (CPI) scale, a 12-item self-report measure that assesses the frequency of parent involvement in diabetes-related tasks; 21 higher scores indicate greater parent involvement. The CPI has been associated with parent and adolescent reports of adherence and adolescent quality of life. 21 Internal consistency for this sample was excellent (α = .91).
Diabetes-Related Conflict. Parents and adolescents completed the Diabetes Family Conflict Scale-Revised (DFCS), a 19-item scale that assesses conflict and disagreements related to diabetes care; higher scores indicate more conflict. 22, 23 The DFCS has strong psychometric properties. It was recently revised and revalidated for use with adolescents with T1D and their parents. 23 Internal consistency for this sample was excellent for both the adolescent report (α = .95) and the parent report (α = .94).
Satisfaction Data. In order to obtain participant feedback regarding Checking In, parents and adolescents completed 13 questions, 5 of which were open ended, regarding their thoughts on the intervention. Examples include, "How often did you have the '3 Minute Meetings'?" and "Tell us about your experience with the Checking In intervention." Participating physicians (n = 2) completed a brief 15-minute interview with a study team member at the end of the intervention period to discuss their impressions of the intervention and potential areas of improvement.
Treatment Fidelity. Approximately 25% of intervention sessions (n = 7) were randomly selected for audio recording to evaluate intervention fidelity. Fidelity reviews were conducted by 2 research assistants not involved in intervention development and reviewed by the primary author to calculate fidelity to the intervention script.
Analyses
All statistical analyses were conducted using SPSS (22nd edition). As this was a nonrandomized pilot study with a short follow-up period, the goals of analyses were to assess the feasibility of program implementation, identify trends in intervention effects, and evaluate participant satisfaction. Intent-to-treat analyses were used when possible. Paired t tests were conducted to evaluate changes in key T1D indicators (n = 28) and psychosocial measures (n = 19) pre-and postintervention. Satisfaction data were evaluated descriptively.
Results
Demographic Data
Thirty adolescent-parent dyads completed baseline data collection. Adolescents were between ages 11 and 15 (Mean age = 13.67 ± 1.20 years) and had been diagnosed with T1D for an average of 6.82 years (±3.32 years). Mean glycemic control was 8.87% (73 mmol/ mol), falling above the current American Diabetes Association recommended HbA1c level ≤ 7.5% (58 mmol/mol) for youth. 24 See Table 1 for demographic details.
Pre-to Postintervention
Although changes were in the expected direction for indicators of glycemic control, change from pre-to postintervention for HbA1c, BG monitoring frequency, or mean BG level did not reach significance. There were no significant changes evidenced in adolescent-or parent-reported adherence, adolescent-reported parental involvement in T1D management, or parent-reported monitoring of diabetes-related tasks. There was a trend for decreased parent-reported diabetes-related conflict from pre-to postintervention, t(18) = 2.11, P = .05. See Table 2 .
Subgroup Analyses
Nineteen parent-adolescent dyads completed the followup questionnaires. Parent-report data collected about program participation revealed that 15/19 (79%) parentadolescent dyads reported completing the 3MMs at least once/week for the duration of the 12-week intervention period; 4 parents reported completing the 3MMs fewer than once a week, and 11 parents did not complete the follow-up questionnaires or provide data about 3MM completion. Participants who endorsed completing 3MMs fewer than once/week or did not complete follow-up questionnaire data collection demonstrated no significant changes from pre-to postintervention in health outcome measures or parent-and adolescentreported psychosocial measures (as available). Participants who endorsed completing 3MMs once/ week or more for the intervention period demonstrated significant changes from pre-to postintervention in frequency of BG monitoring, with the average daily BG monitoring frequency increasing from 4.29 BG checks/ day pre-intervention to 4.82 checks/day BG checks/day postintervention, t(13) = −2.43, P < .05. While it did not reach significance, there was also a decrease in HbA1c evidenced for this group (pre-intervention HbA1c = 9.04 [75 mmol/mol] vs postintervention HbA1c = 8.47 [69 mmol/mol]), t(14) = 1.91, P = .08. Similarly, there was a nonsignificant trend for adolescents reporting increased parental involvement for this group (preintervention CPI score = 35.90 vs postintervention CPI score = 40.60), t(14) = −1.95, P = .07.
Satisfaction Data
Nineteen parent-adolescent dyads completed the satisfaction questionnaires. As reported earlier, 15 parents reported completing 3MMs once/week or more frequently for the intervention period and 4 parents reported completing 3MMs fewer than once/week. Ten parents reported that the 3MMs were helpful in improving their child's T1D management; parents specifically noted that the 3MMs were a helpful, positive reminder to communicate regularly about BG monitoring and make necessary changes. One parent reported, "When I was meeting with her so often, I think she began to get used to me asking questions so it became more of a conversation and less of an argument." Parents who reported that the 3MMs were not helpful noted that they were not necessary because they already had good communication and/ or consistent check-ins with their child (n = 5), that they did not meet regularly (n = 3), or that the regular meetings did not encourage their child to change his/her behavior (n = 1). All parents (n = 19) reported a desire to continue to hold 3MMs with their child. Twelve parents reported that the text messages were beneficial, and 7 parents reported that they used information provided during the clinic visit to upload or update their child's glucometer (eg, change date/time). Thirteen parents provided specific positive comments about the overall Checking In program, including: "The program is very beneficial"; "Hoping to continue these new habits and continue to keep the A1c under 8"; "A great way to continue communication with my child as she becomes increasingly independent." Adolescents reported similar experiences with the Checking In program. Twelve adolescents reported that the 3MMs were helpful in improving their T1D care, noting: "Helped lower stress" and "It helped me to get a better A1c." Participants who reported that the 3MMs were not helpful indicated that they did not hold regular 3MMs (n = 4) or they already had good communication with parent(s) (n = 2). Fourteen participants planned to continue 3MMs with their parent(s). Adolescents were less enthusiastic than parents about the text messages, with only 3 adolescents reporting a positive experience. Adolescents who disliked the text messages reported that the text reminders were "nagging," "annoying," or made them feel "guilty." Six adolescents reported using the provided information to update or upload glucometers. Ten adolescents provided specific positive comments about the overall Checking In program, including: "I liked it; it was helpful to get my BGs in check"; "I think it is very helpful . . . a stepping stone to talking more often to the point where you don't need the meetings at all."
Two physicians delivered the intervention for the 30 participants. Both reported high satisfaction with the Checking In program, particularly noting the intervention's brevity, ease of implementation, alignment with clinical goals, and helpful print materials. Both also noted a desire to use the Checking In materials clinically with adolescents with T1D. Specific comments for future modification included delivering the intervention closer to diagnosis, focusing on early adolescence when the transition of responsibility begins (ages 10-12), and targeting adolescents in poor glycemic control. Both physicians also felt that the intervention needed to be reinforced more consistently with the family, potentially by offering more frequent medical follow-up and providing parents with enhanced strategies to address inadequate BG monitoring frequency.
Treatment Fidelity
A subset of interventions (n = 7) were audio-recorded and reviewed by 2 independent coders for adherence to the intervention content. Physicians spent an average of 2 minutes, 54 seconds delivering intervention content (range = 45 seconds to 6 minutes, 45 seconds). One hundred percent of audio-recorded sessions included use of the language in the Checking In script, including "3 Minute Meetings" and the importance of parent-adolescent communication. All participants (100%) received the Checking In intervention printed handout. The physician clearly set a goal with the family related to 3MMs in 57% of sessions and encouraged parents to learn how to operate the adolescent's meter in 57% of sessions.
Discussion
This study evaluates a very brief, inexpensive physiciandelivered intervention targeting parent-adolescent communication about BG monitoring. While changes were in the expected direction, T1D behaviors did not significantly change from pre-to postintervention with the exception of a trend related to decreased parent-reported conflict around diabetes management. When examining a subgroup of participants who reported adhering to the recommended intervention, postintervention results found a significant increase in BG monitoring frequency and a clinical decrease in HbA1c (HbA1c change >0.5%). Parents and adolescents were largely satisfied with the intervention. It is likely that this brief intervention can be easily integrated into routine diabetes clinical care.
Half of the total sample reported implementing the 3MMs at least once/week, and results suggested that consistent implementation of the 3MM procedure may improve T1D health indicators. The purpose of the pilot was to explore trends in T1D indicators postintervention and the sample's size may have limited the ability to detect more significant results. The sample was not large enough to determine the participant characteristics associated with adherence to the intervention procedures. However, the improvements were seen irrespective of baseline HbA1c and a clinical decrease in HbA1c of 0.57% over a 3-to 4-month period is meaningful.
Regardless of parental consistency in implementing the Checking In procedures, all parents felt that the Checking In content was important and planned to continue to meet with their child to routinely discuss BG monitoring results. Satisfaction data provides further insight into how to target the program, as some parents who already routinely communicated about BG values with their children did not see as much value in the structured format of the 3MMs. Adolescents were also generally happy with their participation in the program. This could be due, in part, to the fact there was a prearranged time and structure to discuss the potentially sensitive topic of BG monitoring, and adolescents had better time to prepare to discuss BG results with their parent. Future research could incorporate ecological momentary assessment to evaluate parent/adolescent mood and perceptions immediately before and after the 3MMs. The ability to video record or track 3MM content would also be valuable to better determine the time spent discussing BG values and any potential differences in the tone of the discussion.
Adolescents were less positive about the text message reminders than parents. Although some studies suggest that adolescents prefer mobile technology for health, 14 most adolescents did not enjoy one-way text reminders about scheduling 3MMs. Adolescents may be more interested in engaging texts that require a response or provide interesting facts or quizzes about diabetes health. 25 Results demonstrate that parents may enjoy opportunities to be more involved in T1D adherence reminders and may appreciate the opportunity to receive text message reminders related to diabetes care. Future interventions in this age group could tailor texts to parents and adolescents to better match their preferences for content.
Overall, this brief intervention was feasible to deliver in the clinic setting and promoted T1D care for a subset of engaged adolescents with T1D. Physicians reported high levels of satisfaction, and as the average delivery time of intervention content was under 3 minutes, it is likely that this intervention is sustainable and easily translatable to a busy clinic setting. Physicians appreciated having concrete strategies to provide to families and having physicians deliver the information likely increased enthusiasm for the program. It will be important to expand this trial to a larger, more representative sample of adolescents to see if results can be replicated. However, this intervention is significantly less intensive than other large funded clinic-based interventions, 26, 27 and preliminary results are promising.
There are some limitations to note related to the current trial. Specifically, this real-world intervention trial was an unfunded pilot and the enrolled sample was relatively small. Approximately one third of participants did not complete psychosocial questionnaires at follow-up, and resources were not available to track down nonresponders to evaluate their experience with the program. Although most changes from pre-to postintervention were in the expected direction, the study was not sufficiently powered to detect significant results. Future research could include a control group and a larger sample to better attribute changes to the Checking In intervention and evaluate which participants may benefit the most from exposure to Checking In. For example, physician participants felt that intervention delivery should be targeted to groups at increased risk, including newly diagnosed adolescents and those in poor glycemic control.
It is important to establish a foundation for good communication with parents early in adolescence and for communication and oversight of diabetes management to continue throughout adolescence. Checking In offers health care providers a brief, structured way to encourage consistent communication about T1D management and health. Parents and adolescents in this small but diverse sample were generally positive about the intervention, and the format is easily translatable to a busy clinic setting. Results of this low-cost, physiciandelivered intervention targeting parent-adolescent communication demonstrate feasibility as well as trends toward improvement in key T1D health indicators. Frequent review of BG meter data may be a useful strategy to improve health outcomes and parent-adolescent communication.
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